Abstract-In order to determining technological parameters of vibratory aging treating for large-sized welding box-section beam structures, kinetic analysis was carried out according to the industrial standard. The natural frequency, vibration mode and the curves of amplitude-frequency were obtained by using Finite Element Analysis (FEA), This gave some suggestions for reference no how to determine the technological parameters for large-sized welding structures.
INTRODUCTION
The existence of residual stresses caused by the welding process is an important reason of cracking and distortion in welded metal structures that may affect the life and dimensional stability significantly. Therefore, the reduction or elimination of the residual stress is an essential task in the manufacturing industries of metals. The traditional method to relieve the residual stress is natural ageing, vibratory aging treating and thermal stress relief (TRS). TSR is the most widely used and effectively proven technology. Its influencing parameters, including time duration, heating rate, and cooling rate can be examined and operated according to the specifications shown in the ASM handbook. However, the treatment of TSR has several drawbacks. The cost of both the equipment and the energy involved is high, the process is time consuming, and an oxide scale may be induced on the surface. Especially for large-sized welding structures, it is difficulty to relieve the residual stress by TRS due to the size limitations of the heat treatment furnace [1] [2] . Compared to TRS, the vibratory aging treating has been demonstrated to possess some especial characteristics for stress relief, such as a lower the peak residual stresses, a smoother the distribution of the residual stresses and more convenient operation [3] [4] [5] . Fig. 1 shows a large-sized welding box-section beam structures for a hydraulic projects. Clearly, the application of the vibratory aging treating was a practical alternative to the reduction of the residual stresses for this large-sized welding structure. However, it was difficulty to verify appropriate technological parameters of the vibratory aging treating by a traditional method. The aim of this work was to determine technological parameters of vibratory aging treating by finite element method for large-sized welding box-section beam structures. 
II. THE FINITE ELEMENT MODEL AND THE MESH
The mechanical properties of the materials are shown in Table 1 .Because the large-sized welding box-section beam structures were fabricated with formed plates welded together, the board shell unit was used to establish the body frame finite element model, and the mesh is shown in Fig. 2 . This finite element model had a good quality of the generated grid and contained 47045 elements and 46726 nodes. 
III. DYNAMIC ANALYSIS OF BOX-SECTION BEAM

A. Calculations of NaturalFrequency
The natural frequency of box-section beam was an important parameter to the subsequent dynamic analysis, so it was essential to calculate the natural frequency of box-section beam at first. On the other hand, natural frequency was varied due to different supporting conditions for box-section beam, so actual conditions should be taken into consideration for the calculations of natural frequency. Fig. 3 shows the supporting way of box-section beam structures. The main purpose of vibratory aging treating was reduction of longitudinal residual stress (along the weld bead direction) between web plate and flange plate and transverse residual stress between separator plate and flange plate, so the vibration from upper end to bottom end was beneficial to the reduction of residual stress.
According to the results of modal analysis of box-section beam structures, the natural frequency from the first order to the fifth order was shown in Table 2 . It can be seen that natural frequency of the first five orders was relatively smaller, which was attributed to a lower stiffness due to a larger span of boxsection beam structures. The vibration mode displacement from the first order to the fourth order of box-section beam structures is shown in Fig. 4 . It can be seen that lateral displacement along the y-axis around one end occurred under the natural frequency of the first order, that is lateral vibration occurred, and lateral displacement along the z-axis at the middle was present under the natural frequency of the second order, that is to say, box-section beam vibrated up to down when natural frequency was 19.918 HZ. At the same time, lateral displacement along the y-axis at one end and two third of the span occurred under the natural frequency of the third order, and a special motion of distortion was present under the natural frequency of the fourth order. Obviously, the natural frequency of the second order was 
B. Dertermination of Excitation Frequency and Excitation Forece
The biggest vibration mode displacement occurred at the middle of box-section beam structures when the natural frequency of the second order was the main vibration frequency according to the results as motioned above. Thereby, excitation force should be exerted on the middle of the panels when the supporting way of box-section beam structures was taken into consideration, that is to say, vibration exciter was fixed to the middle of the panels, then the corresponding vibration pickup was fixed to the middle of rear flange plate according to the Chinese standard GBT5926-2005.
On the other hand, the natural frequency can not serve as the main vibration frequency according to the requirements specified in the Chinese standard GBT5926-2005. Instead, the frequency whose vibration amplitude corresponded to the one third to two third of the main vibration amplitude on the rising edge was reasonable when the vibratory aging treating was carried out [6] . So,amplitude frequency response characteristics were further analyzed, and Fig. 5 is the curves of amplitudefrequency of three random dots at the middle of rear flange plate when the frequency was in the range from 19.558 HZ to 20.278 HZ. It can be seen that the tendency of vibration displacement of different random dots was the same, which was in accordance with the harmonic characteristic of the main vibration amplitude, and the displacement was the biggest when the resonant frequency of 19.918 Hz was present. At the same time, the further away from the resonant frequency was, the lower of vibration amplitude was. The calculations showed that the vibration amplitude of the frequency of 19.693 Hz was in the range of the one third to two third of the main vibration amplitude. In addition, this frequency met the requirements specified in the Chinese standard GBT5926-2005. So, the frequency of 19.693 Hz was excitation frequency. The excitation force was a key parameter of vibratory aging treating, so the determination of excitation force must be optimum. When excitation force was too small, the vibratory aging treating had little effect on the reduction of the residual stress. On the contrary, a bigger excitation force resulted in the partial fatigue failure. According to the specifications shown in the Chinese standard GBT5926-2005, dynamic stress amplitude produced by the excitation force can be expressed as: ( b -s )/3 d b /3, where b was the tensile strength, s was the yield limit, d was the excitation force. So, dynamic stress amplitude was in the range from 61.7 MPa to 140 MPa according to the material property shown in the Table 2 .
On the other hand, the excitation force also can be expressed as: F=Asin2 ft, where A was the amplitude of excitation force, f was the excitation frequency. In present study, we were particular focus on excitation force of invariant cross section with the span of 7 m in the middle of box-section beam. The excitation force met the requirement as mentioned above when dynamic stress amplitude produced by the excitation force was greater than 61.7 MPa. The calculation results showed that excitation force of 15000 N was optimum when excitation frequency was 19.693 Hz. Fig. 6 shows the longitudinal dynamic stress distribution in the weld seam between web plate and flange plate. It can be seen that dynamic stress was the maximum at the middle of box-section beam, and gradually decreased from the middle to the two ends, which was agreed with the displacement distribution of main vibration mode. At the same time, it can be seen that the longitudinal dynamic stress was 61.76 MPa and 61.78 MPa when horizontal coordinate was 3.389 and -3.389, respectively. Consequently, the longitudinal dynamic stress in the weld seam between web plate and flange plate was greater than 61.78MPa at the middle of box-section beam with a span of 6.78 m. Clearly, the residual stress in this range could be reduced when vibratory aging treating was carried out with the excitation force of 15000 N and excitation frequency of 19.693 Hz. 1. Numerical simulation on the determining technological parameters of vibratory aging treating for the box-section beam structures was carried out by finite element method. This gave some suggestions for reference on how to determine the technological parameters for large-sized welding structures.
2. The excitation position, excitation frequency and excitation force were calculated, the results showed that the residual stress could be reduced when vibration exciter was fixed to the middle of the panels with the excitation force of 15000 N and excitation frequency of 19.693 Hz. 
